In this paper, we develop an optimal inventory replenishment policy for a deteriorating item with stock dependent demand and time dependent backlogging rate. Shortages are allowed in the inventory system and are partially backlogged. The stock is transferred to continuous release pattern and the associated transportation cost is taken into account. Our objective is to find the optimal replenishment policies for minimizing the expected total cost. The model is solved analytically to obtain the optimal solution of the problem. Finally, numerical results are presented to analyze the sensitivity of the optimal policies with respect to changes in some parameters of the system.
Introduction
Deterioration of inventory items is unavoidable in case of product categories like chemicals, volatile liquids, blood banks and medicines. Deterioration of materials during shortage period is non-negligible. The management of deterioration item is a real challenge to the inventory manager, who has to control the loss during storage of stocks and to get the maximum benefit. In practice, deteriorating items are an important part of stocks. Most of the inventory models consider the demand rate to be either constant or time dependent but independent of the stock status. The demand rate may be influenced by the stock level in deteriorating items. The length of the product shelf life has an impact on the sales. The marketing researchers have inferred that increase in product shelf space will result in increased demand. The customers may not wait during the extended time of supply, they may try to shift the orders to other sellers. Only few customers may accept backlogging during shortage period. For such customers who are few in number the backordering process is practiced.
Ghosh and Chaudhuri [2] developed an EOQ model with a quadratic demand, time-proportional deterioration and shortages in all cycles. Hou [3] considered an inventory model for deteriorating items with stock-dependent consumption rate and shortages under inflation and time discounting. Hung [4] developed an inventory model with generalized type demand, deterioration and backorder rates. Gede Agus Widyadana and Hui Ming Wee [1] developed optimal deteriorating items production inventory models with random machine breakdown and stochastic repair time. Stojkovska [5] developed on the optimality of the optimal policies for the deterministic EPQ with partial backordering. Taleizadeh and Pentico [6] studied economic order quantity model with a known price increase and partial backordering. Uthayakumar and Parvathi [7] considered a deterministic inventory model for deteriorating items with time-dependent demand, backlogged partially when delay in payments is permissible.
The detailed description of this paper is as follows. In section 2, assumptions and notations are given. In section 3 mathematical model and problem description are given. In section 4 a numerical example and sensitivity analysis are given in detail to illustrate the models. Finally conclusion and summary are presented.
Notations and assumptions
The following assumptions and notations are used to develop the model when inventory is negative.
The backlogging parameter is is a positive constant and 1 ≤ < .
Mathematical model and problem description
In this paper, the vendor receives units at t = 0. Hence, the inventory starts with units at beginning of each cycle, and then gradually depletes to zero at = 1 due to the combination effect of demand and deterioration. A graphical representation of the considered inventory system is given below in Fig 1. Here, within the time interval [0, ], the inventory has no deterioration. Deterioration occurs within the time interval [ , 1 ] at a constant deterioration rate . Hence, the changes in the inventory at any time t are governed by the differential equations
with the boundary condition (0) = , ( 1 ) = 0 and ( ) = 0. The solution of the above differential equations are
Since the continuity of I (t) at = is 1 ( ) = 2 ( ). For each cycle, the maximum inventory level is
Therefore, total order quantity ( , 1 ) for each cycle [0, ] is given by = + 1 , where 1 , the maximum amount of demand at T = t backlogged per cycle is given by
Hence, the total order quantity Q is We assumes 1 = , 0 < < 1. This assumption seems reasonable since the length of the shortage interval is part of the cycle length. In addition, this restriction on values of 1 enhances the convexity of the inventory cost function is (14). Put To solve equation (16) and (17), we get optimal * , * . Therefore, the total average minimum inventory cost is ( * , * ) and optimal order quantity is * ( * ). 
Numerical example
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Sensitivity Analysis
We now study the effects of changes in the value of system parameters r, F, , , T d , 1 , of Example 1. The analysis is carried out by changing the value of only one parameter at a time keeping the rest of the parameters at their initial values.The results are shown in Table 1 . From Table1 we can be observed, when retailer's ordering cost, transportation cost, T d and c 1 are increasing, the optimal replenishment cycle time * , the optimal shortage period T 1 * , the optimal order quantity per cycle * will decrease but the relevant total costs * will increase. An increasing value of the parameters θ , δ the optimal replenishment cycle time * , the optimal order quantity per cycle * will decrease but, the optimal shortage period T 1 * , the relevant total costs * will increase.
Conclusion
In this paper an inventory model with stock dependent demand, time dependent backlogging rate and partially backlogged shortages for deteriorating items are developed. Many of the inventory models are considered that are the demand rate to be either constant or time-dependent but independent of the stock status. The developed model is considered for the demand rate that is dependent of stock level. The aim of this paper is to minimize the total relevant cost by optimizing the total length of the period, ordering quantity and shortage time. Numerical examples are also provided to illustrate the proposed model. Sensitivity analysis on the parameter changes is also performed. The proposed model can be extended by considering factors like quantity discounts, time value of money, inflation, credit periods etc.,
